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1 Abstract

This report describes an empirical prediction procedure for turbofan engine noise.  The procedure generates

predicted noise levels for several noise components, including inlet- and aft-radiated fan noise, and jet-

mixing noise.  This report discusses the noise source mechanisms, the development of the prediction

procedures, and the assessment of the accuracy of these predictions.  Finally, some recommendations for

future work are presented.

2 Introduction

This report describes the development and assessment of a prediction procedure for turbofan engine noise.

This work was performed by The Boeing Company under funding from NASA contract NAS1-97040, Task

10.  The noise prediction procedure is based on an empirical procedure that has evolved over many years at

The Boeing Company.  This prediction program is known as the Modular Engine Noise Component

Prediction System (MCP).  The data used to develop this program include both full-scale engine data and

small-scale model data, and include data obtained from testing done by Boeing, by the engine

manufacturers, and by NASA.

The specific work done under this contract included: migrating selected component modules from an

existing Unix-based prediction program to a Windows/PC operating system; developing a new user

interface; making updates to selected prediction modules, taking advantage of additional data; and

assessing the predictions with measured data.  Of particular interest in this work was the accuracy of the

predictions for very high bypass ratio (greater than eight) engines.

In order to generate a noise estimate, the user specifies the appropriate engine properties (including both

geometry and performance parameters), the microphone locations, the atmospheric conditions, and certain

data processing options.  The program is modular, meaning that the user specifies which engine noise

components will be predicted.  The version of the program described here allows the user to predict three

components: inlet-radiated fan noise, aft-radiated fan noise, and jet noise.  These components are described

in Sections 4, 5, and 6, respectively.

MCP predicts one-third octave band noise levels over the frequency range of 50 to 10,000 Hertz.  It also

calculates overall sound pressure levels and certain subjective noise metrics (e.g., perceived noise levels).

Features of the program include the ability to:

• predict either static, steady state “test stand” noise levels, or airplane flyover noise levels

• predict either polar arc microphone levels or sideline microphone levels

• predict either free-field or 4-foot pole microphone ground-reflected levels

• add deltas to selected components (e.g., to account for acoustic lining effects, installation effects, etc.,)

A separate Program Users’ Guide has been written, and sample input and output files have been included

with the software package delivered to NASA.  This report addresses the development and assessment of

the procedure.

3 Noise Component Modeling of Measured Data

The development of empirical component predictions depends upon the separation of the measured data

into the various component noise sources.  This process, and the measured data used, are briefly described

in this section.

3.1 Component Modeling Process

The development of an MCP module generally uses measured data that has gone through a component

modeling process.  For this study the process was used to create data that are in the following form: static,

150-ft polar arc (i.e., static test stand-type data); free-field (i.e., no ground reflection effects); noise

component-separated; and hardwall (i.e., no acoustic treatment).
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The accuracy of these modeled measurements is very dependent on the particular way the data were

originally acquired. The separation of tones is more accurate if narrowband data were taken.  The

separation of noise radiating out of the inlet from noise radiating out of the nozzles is more accurate if the

measurements were made using acoustic barriers.  And the development of a hardwall model is more

accurate if actual hardwall configurations were tested (and the modeling process does not rely on lining

prediction methods to determine the attenuation due to the acoustic treatment).

There are general guidelines and procedures for the component modeling process, although the process also

relies on a certain amount of “engineering judgment.”  The process is described in Reference 1 and

summarized here.

3.1.1 Jet Noise Identification

The measured aft-arc spectra are assumed to be set exclusively by jet noise in the low frequencies.  The

exact number of frequency bands that is attributed exclusively to jet noise is a function of radiation angle

and primary jet velocity.

A predicted spectra shape is compared to the measured spectra over these jet-noise-controlled frequency

bands.  The difference between these two spectra is defined by a second-order curve fit.  This curve fit is

then added to the predicted data over the jet-noise-controlled frequencies.  Beyond these frequencies the

predicted spectra is adjusted by the value of the curve fit at the last exclusively jet noise frequency.

This process essentially produces jet noise spectra that are curve-fits of the measured spectra for the low

(exclusively jet noise) frequencies.  Beyond these frequencies the spectra shape is based on predictions, and

the levels are set to be continuous with the curve-fitted lower frequencies.

3.1.2 Forward and Aft Noise Separation

Once the jet noise component has been removed from the measured spectra the remaining spectra are

divided into noise radiating out of the inlet and noise radiating out of the primary and fan exhaust nozzles.

This forward/aft split is determined by examining the local minima in directivity plots.  The directivity roll-

off rates have been derived from barrier data.  If barrier data are available for the specific test data being

modeled, these data are used for determining the forward/aft split.

3.1.3 Tone Identification

The component separation process uses the engine blade and vane counts, and the engine rotation speed, to

identify the frequency where the various turbomachinery-related tones (including fan/compressor

interaction tones and buzzsaw noise) will occur.  When narrowband data are available these data are used

to determine the levels of the tones.  In the absence of narrowband data, a one-third octave band tone

separation procedure is used to determine the tone levels.

3.1.4 Aft-fan, Turbine, and Core Broadband Noise Separation

The aft-radiated broadband noise is separated into fan, turbine, and core noise components.  This process is

guided by knowledge, for the particular engine geometry and operating conditions, of the frequency range

over which these components occur and their general spectra shape.

3.2 Component-modeled Measurements

The component models used for the prediction assessment discussed in this report consist of ten different

engine data sets, although not all components were present in all the data sets.  These data sets included 127

individual power points, of which 48 were for bypass ratios greater than eight.

4 Forward-radiated Fan Noise

This section discusses the noise associated with the fan that is radiated out of the engine inlet.

4.1 Noise Source Mechanisms

The forward-radiated fan noise (inlet noise) component consists of three separate subcomponents,

associated with different noise-generation mechanisms.  These subcomponents are described in this section.
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4.1.1 Tone Subcomponent

Fan noise is generated by unsteady aerodynamic loading on rigid surfaces such as the fan blades and the

stator vanes.  Unsteady aerodynamic loading associated with periodic flow fluctuations results in tone

noise.  This can be due to a number of sources, such as the interaction of an inlet wake with the rotating fan

blades.  The steady (when viewed from rotating reference frame) lift and drag forces on rotating fan blades

result in harmonic fluctuations in the non-rotating reference frame.  These fluctuations appear at the blade

passing frequency and its harmonics.

4.1.2 Broadband Subcomponent

When the unsteady aerodynamic loading is associated with random flow fluctuations (such as turbulence)

broadband noise is generated.  This can be due to a number of sources, such as: inflow turbulence

impinging on rotor blades and stator vanes; rotor wake turbulence impinging on downstream stators; and

interaction of the blade tip flow with the turbulent wall boundary layer.  In addition, there are a number of

possible sources of rotor or stator broadband self-noise; turbulent boundary layers; turbulent wakes; and

incoherent trailing edge vortex shedding.

4.1.3 Buzzsaw Subcomponent

When the blades rotate at supersonic tip speeds, bow shocks form at their leading edges.  These react non-

linearly with each other as they propagate upstream through the inlet.  Slight variations in shock strengths

result in a pressure spectrum with discrete tones at the shaft rotational frequency and its harmonics.  This

noise is referred to as multiple pure tone noise, buzzsaw noise, or combination tone noise.

4.2 Procedure Development

The forward-radiated fan noise prediction module is known as INLET3.  The development of the procedure

is described in this section.

4.2.1 Broadband Subcomponent

The development of the INLET3 broadband subcomponent module is described in Reference 1 and

summarized here.

The module was developed using five sets of component-modeled measurements, each data set including a

range of power points for a particular engine. These five engine data sets covered a wide range of fan

diameters, included narrow and wide chord fans, and contained some power points with bypass ratios

greater than eight.

The general approach was to develop three empirical correlations.  The first one correlated the overall

sound power level (normalized to a reference fan diameter) to an appropriate parameter relating to the

engine operating condition; the second correlated a normalized spectra shape to normalized frequency

bands; and the third correlated a normalized directivity shape to emission angle.  The primary functional

dependencies of these correlations are as follow:

spl (Mtip, f, ) = oapwl (Mtip) + spectral correlation (f) + directivity correlation ( )

where

spl = sound pressure level

Mtip = fan tip Mach number

f = frequency

 = emission angle

oapwl = overall sound power level (over all relevant frequencies and angles)

In terms of the metrics used this equation is:

spl = [oapwl] + [pwl – oapwl] + [spl – pwl]

where

pwl = sound power level (over all relevant angles at a particular frequency)

These correlations are discussed in the following sections.
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4.2.1.1 Overall Sound Power Level

The inlet-radiated fan broadband noise was modeled as two sources.  The first source is located at the

trailing edge of the rotor, or at the fan exit guide vanes, and is affected by the propagation in the rotor as

well as in the inlet.  The second source is located near the leading edge of the rotor and is only affected by

the propagation in the inlet.  The first source dominates at subsonic fan tip speeds, and the second

dominates at high fan tip speeds.  The overall sound power (normalized to a reference fan diameter) is

equal to the sum of these two source terms, and is represented as a function of relative tip Mach number

and the number of fan exit guide vanes.  This correlation collapses data to within about +/- 3 db over the

full range of tip speeds, with the largest deviations occurring at the supersonic tip speeds.

4.2.1.2 Spectra Shape

The normalized spectra shape was derived by plotting and curve-fitting normalized power levels versus

normalized frequency.  The normalized power level was defined as the sound power level minus the overall

sound power level.  The frequency was normalized by the blade passing frequency and a Reynolds number,

as described in Reference 1.  There were actually two different normalized spectra shapes derived, one for

subsonic fan tip speeds and one for supersonic fan tip speeds.

4.2.1.3 Directivity Shape

The normalized directivity shape was derived by plotting and curve-fitting normalized sound pressure

levels versus emission angle.  The normalized sound pressure level was defined as the sound pressure level

minus the sound power level.  Similar to the normalized spectra shapes, there were two normalized

directivity shapes derived, one for subsonic fan tip speeds and one for supersonic fan tip speeds.

4.2.2 Tone Subcomponent

The inlet-radiated fan tone noise prediction is based on an empirical correlation as shown in Figure 1 and

Figure 2.  The predicted tone level is the sum of the appropriate sound pressure level (as a function of

harmonic number and fan tip Mach number) and directivity adjustment (as a function of harmonic number

and emission angle), corrected to the appropriate fan diameter by 20 log (fan diameter / 1 foot).

4.2.3 Buzzsaw Subcomponent

The inlet-radiated fan buzzsaw noise prediction is based on an empirical correlation as shown in Figure 3

and Figure 4.  The predicted buzzsaw levels are the sum of the appropriate sound pressure levels (as

functions of harmonic number and fan tip Mach number) and directivity adjustments (as a function

emission angle), corrected to the appropriate fan diameter by 20 log (fan diameter / 1 foot).

4.3 Assessment

The data used for assessment of the INLET3 module consisted of ten different engine data sets.  These data

sets included 127 individual power points, of which 48 were for bypass ratios greater than eight.

4.3.1 Broadband and Buzzsaw Subcomponents

The accuracy of the INLET3 broadband and buzzsaw noise predictions was examined both on the basis of

individual spectra comparisons and on the basis of averaged, normalized spectra comparisons.

Comparisons of individual predicted spectra and modeled-data spectra, for selected power points, are

shown in Figure 5 through Figure 16.  From each of the ten engine data sets, power points were chosen that

represented: a relatively low subsonic fan tip speed; a relatively high subsonic fan tip speed; a relatively

low supersonic fan tip speed (if available); and a relatively high supersonic fan tip speed (if available).

In addition, spectra from all the 127 power points were incorporated into smoothed, averaged, normalized

spectra in order to present an overall measure of the accuracy of the procedure (Figure 17 through Figure

22).  These spectra were normalized by referencing the third-octave frequency band to the blade passing

frequency (i.e., 10log[1/3-octave freq. band / bpf]).  Once normalized, the spectra were grouped (as either

subsonic or supersonic fan tip speed) and fitted with a third order curve.  In addition to considering all the

power points in one grouping, comparisons were made using only data for bypass ratios greater than eight.
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For both the individual and the averaged spectra comparisons, results are shown for static, 150-foot polar

arc, free-field data for three emission angles: 30, 60, and 90 degrees relative to the inlet axis.  In the case of

the supersonic fan tip speeds the figures show spectra for the summed fan broadband plus buzzsaw noise

subcomponents.  The reason for this is that, although these subcomponents are predicted separately, it is

sometimes difficult to accurately separate them during the component modeling process.

The following observations regarding the inlet broadband and buzzsaw predictions are made based on the

averaged spectra comparisons:

• The prediction trends for the higher bypass ratios (greater than eight) are similar to those for the lower

bypass ratios.

• The peak sound pressure level tends to be overpredicted.  For the subsonic fan tip speeds the

overprediction is less (averaging less than 4 db) than for the supersonic cases, i.e., including buzzsaw

noise (averaging over 10 db in some cases).

• The peak frequency band is, on the average, fairly well predicted.  The exception to this is the 90-

degree, subsonic tip speed case, where the predicted peak frequency band is several bands higher than

the modeled measurements.

• The predicted low frequency rolloff is much less than shown in the modeled measurements.

• Except for the above-mentioned rolloff rate, the spectra shape is fairly well predicted for the subsonic

fan tip speeds.  For the supersonic fan tip speeds the predicted spectra tend to be flatter and smoother

than the modeled measurements.

• The lower angles (e.g., 30 degrees) are better predicted than the higher ones (e.g., 90 degrees).

• The buzzsaw noise (judging from the smoothed averaged spectra comparisons and from the low

frequency sub-harmonic tones in the individual spectra comparisons) is overpredicted.

4.3.2 Tone Subcomponent

The accuracy of the INLET3 tone noise predictions was examined on the basis of individual spectra

comparisons.  Comparisons of predicted spectra and modeled-data spectra, for selected power points, are

shown in Figure 23 through Figure 31.  From each of eight engine data sets, power points were chosen that

represented: a relatively low power point; a medium power point; and a relatively high power point.  The

comparisons are shown for static, 150-foot polar arc, free-field data for three emission angles: 30, 60, and

90 degrees relative to the inlet axis.

The following observations regarding the inlet tone predictions can be made from these comparisons:

• The fundamental and first harmonic are overpredicted in most cases (about two-thirds of the time).

• In about half the cases the fundamental and first harmonic are predicted to within approximately 3 db

of the modeled measurements.

• There is no evident correlation of inlet tone prediction accuracy with either angle or power level.

5 Aft-radiated Fan Noise

This section discusses the noise associated with the fan that is radiated out of the fan exhaust duct.

5.1 Noise Source Mechanisms

The aft-radiated fan noise (aft fan noise) component consists of two separate subcomponents, associated

with different noise-generation mechanisms.  These subcomponents are described in this section.

5.1.1 Tone Subcomponent

The source mechanisms for the aft-radiated tone noise are similar to those for the inlet-radiated tone noise

(Section 4.1.1).

5.1.2 Broadband Subcomponent

The source mechanisms for the inlet-radiated broadband noise are similar to those for the inlet-radiated

broadband noise (Section 4.1.2).
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5.2 Procedure Development

The aft-radiated fan noise prediction module is known as AFTFN7.  The development of the procedure is

described in this section.

5.2.1 Broadband Subcomponent

The aft fan noise module was developed using nine sets of component-modeled measurements.  These nine

engine data sets included 108 individual power points, of which 48 were for bypass ratios greater than

eight.

The general approach was to develop three empirical correlations.  The first one correlated the normalized

overall sound power level to an appropriate parameter relating to the engine operating condition; the second

correlated a normalized spectra shape to normalized frequency bands; and the third correlated a normalized

directivity shape to emission angle.  The primary functional dependencies of these correlations are as

follow:

spl (fpr, f, ) = oapwl (fpr) + spectral correlation (f) + directivity correlation ( )

where

spl = sound pressure level

fpr = fan pressure ratio

f = frequency

 = emission angle

oapwl = overall sound power level (over all relevant frequencies and angles)

In terms of the metrics used this equation is:

spl = [oapwl] + [spl – oaspl] + [oaspl – oapwl]

where

oaspl = overall sound pressure level (over all relevant frequencies at a particular angle)

These correlations are discussed in the following sections.

5.2.1.1 Overall Sound Power Level

Numerous correlations were examined in an attempt to best collapse the overall sound power levels for the

various sets of modeled measurements.  Ultimately the best correlation (based on the smallest range of the

95 percent prediction confidence bands) was achieved by plotting a normalized overall sound power level

versus fan pressure ratio as shown in Figure 32.  As shown in this figure the overall sound power level was

normalized by four additional terms: a 20 log (fan diameter) term; a 50 log (fan tip Mach number) term; a

15 log (fan solidity) term (solidity being defined as the ratio of fan tip chord divided by fan tip spacing);

and a “delta fan pressure ratio” term.  The inclusion of other terms was examined, but none resulted in an

improved correlation.  These other terms included: a rotor/stator spacing term; a stator-to-vane ratio term,

various terms involving the number, span, and wetted area of the fan exit guide vanes; and a term involving

the bypass ratio.

The derivation of the “delta fan pressure ratio” term deserves further explanation.  The relationship

between fan pressure ratio and fan tip Mach number was fairly similar for all the engines used in the

correlation, as shown in Figure 33.  However, those differences that did exist were examined for their

possible effect on noise.  This was done by plotting normalized overall power level as a function of the

difference in the fan pressure from the mean fan pressure ratio as shown in Figure 34.  A linear curve fit

through this relationship was then applied to the normalized overall sound pressure level as shown in

Figure 32.

5.2.1.2 Spectra Shape

The normalized spectra shape was derived by plotting, and curve-fitting, normalized sound pressure levels

versus normalized frequency, as shown in Figure 35.  For each power point from each of the different

engine data sets used in the correlation process, the spectrum at the peak overall sound pressure level

emission angle was chosen.  The normalized sound pressure level was defined as the sound pressure level

minus the overall sound pressure level (for that particular emission angle).  The normalized frequency was
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defined as the third-octave frequency band relative to the blade passing frequency (i.e., 10log[1/3-octave

freq. band / bpf]).

The effect of bypass ratio on spectra shape was examined as shown in Figure 36.  While the spectra shapes

showed some differences for the different bypass ratio groupings, there did not appear to be a quantifiable

trend.

The effect of fan tip Mach number on spectra shape was examined as shown in Figure 37.  There was some

difference in the higher frequency rolloff rate for subsonic and supersonic tip speeds, but this difference

was not incorporated into the correlation

The spectra shape characteristics of the various engines in the correlation were compared by curve fitting

all of the power points for each particular engine, as shown in Figure 38.  Engine to engine differences

were seen, but there was no obvious, simple geometry or performance parameter the seemed to control

these differences.

5.2.1.3 Directivity Shape

The normalized directivity shape was derived by plotting normalized overall sound pressure levels versus

emission angle, as shown in Figure 39.  The normalized overall sound pressure level was defined as the

overall sound pressure level (at the particular angle) minus the overall sound power level.  Two directivity

shapes were derived; one for subsonic fan tip speeds and one for supersonic fan tip speeds.

For this correlation it was felt that a “cluster-to-cluster” connecting of points was a better representation of

the correlation than a least squares curve fit.

5.2.2 Tone Subcomponent

The aft-radiated fan tone noise prediction is based on an empirical correlation as shown in Figure 40 and

Figure 41.  The predicted tone level is the sum of the appropriate sound pressure level (as a function of

harmonic number and fan tip Mach number) and directivity adjustment (as a function of harmonic number,

fan tip Mach number, and emission angle), corrected to the appropriate fan diameter by 20 log (fan

diameter / 1 foot).

5.3 Assessment

The data used for assessment of the AFTFN7 module consisted of nine different engine data sets.  These

data sets included 108 individual power points, of which 48 were for bypass ratios greater than eight.

5.3.1 Broadband Subcomponent

The accuracy of the AFTFN7 broadband noise predictions was examined both on the basis of individual

spectra comparisons and on the basis of averaged, normalized spectra comparison.

Comparisons of individual predicted spectra and modeled-data spectra, for selected power points, are

shown in Figure 42 through Figure 50.  From each of the nine engine data sets, power points were chosen

that represented: a relatively low power point; a medium power point; and a relatively high power point.

In addition, spectra from all the 108 power points were incorporated into smoothed, averaged, normalized

spectra in order to present an overall measure of the accuracy of the procedure (Figure 51 through Figure

53).  These spectra were normalized by referencing the third-octave frequency band to the blade passing

frequency (i.e., 10log[1/3-octave freq. band / bpf]).  Once normalized, the spectra were grouped and fitted

with a third order curve.  In addition to considering all the power points in one grouping, comparisons were

made using only data for bypass ratios greater than eight.

For both the individual and the averaged spectra comparisons, results are shown for static, 150-foot polar

arc, free-field data for three emission angles: 90, 120, and 150 degrees relative to the inlet axis.

The following observations regarding the aft fan broadband predictions are made based on the averaged

spectra comparisons:

• The prediction trends for the higher bypass ratios (greater than eight) are similar to those for the lower

bypass ratios.

• The peak sound pressure level is well predicted, generally to within 1 db.
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• The peak frequency band is well predicted.

• The spectra shape is fairly well predicted.  These averaged spectra show a maximum difference

between predicted and modeled levels of 5 db, and generally within 3 db, over the frequency range of

interest.

• The prediction accuracy is reasonably consistent for the various power points and angles examined.

5.3.2 Tone Subcomponent

The accuracy of the AFTFN7 tone noise predictions was examined on the basis of individual spectra

comparisons.  Comparisons of predicted spectra and modeled-data spectra, for selected power points, are

shown in Figure 54 through Figure 62.  From each of seven engine data sets, power points were chosen that

represented: a relatively low power point; a medium power point; and a relatively high power point.  The

comparisons are shown for static, 150-foot polar arc, free-field data for three emission angles: 90, 120, and

150 degrees relative to the inlet axis.

The following observations regarding the aft fan tone predictions can be made from these comparisons:

• The fundamental and first harmonic are overpredicted in most cases (about two-thirds of the time).

• In about half the cases the fundamental and first harmonic are predicted to within approximately 6 db

of the modeled measurements.

• There is no evident correlation of inlet tone prediction accuracy with either angle or power level.

6 Jet Noise

This section discusses the noise generated by the jet exhaust flow.

6.1 Noise Source Mechanisms

Jet exhaust noise is comprised of turbulent mixing noise, shock-associated noise, and noise due to the

installation effects of the engine on the airframe.  These subcomponents are described in this section.

6.1.1 Turbulent Mixing Noise Subcomponents

The jet mixing noise is generated from the mixing associated with three flow streams; the primary (core or

inner) flow stream; the secondary (fan or outer) flow stream, and the mixed (or merged) flow stream.

The noise in the primary jet region is generated by the turbulent mixing of the primary and secondary

flows.  Similarly, the noise in the secondary jet region is generated by the turbulent mixing of the

secondary and the ambient flows.

The mixed jet flow stream refers to the merged primary and secondary flow streams, although there is no

clear boundary defining the transition of these separate flows into a mixed flow.  The noise in this region is

generated by the turbulent mixing of the merged and the ambient flows.

6.1.2 Shock-associated Subcomponent

Shock-associated noise is believed to be generated by the large-scale turbulent structures in the mixing

layer interacting with the quasi-periodic shock cells of an improperly expanded jet.  This localized

deformation of the shock wave results in the emission of sound.  Unlike screech tones, this noise is

broadband, although strongly peaked.

6.1.3 Jet Installation Effects

The installation of an engine on an airframe affects the jet noise component.  These effects include the

acoustic effect of the jet exhaust flow interacting with airplane wing surfaces and the effect of noise

reflecting off the wing surfaces.

6.2 Procedure Development

The jet noise prediction module is known as JEN6E.  The development of the procedure is described in this

section.



13

6.2.1 Turbulent Mixing Noise Subcomponents

The JEN6E turbulent mixing subcomponent modules are based on Reference 2, and also discussed in

Reference 3, and are summarized here.  JEN6E is a standard method in SAE ARP 876, appendix C, for the

calculation of subsonic coaxial jet noise.

While the prediction method was empirically derived, consideration was given to the physics of the jet

noise generation and propagation processes in selecting the correlation parameters for the data.  The values

of the empirical parameters were based primarily on model jet noise and source location data.  Full-scale

static engine data and flight test data were also used to assess the formulation and to modify some of the

parameters as appropriate.

The coaxial jet is conceptually divided into the three source regions described in Section 6.1.1.  The

empirical expressions for each of the subcomponents of the jet are comprised of three parts:

1. the basic one-third octave band sound pressure level associated with the shear layer velocity

differences, the turbulent eddy convection velocities, and the ambient flow effects;

2. normalization factors associated with ambient pressure, density (or temperature), spherical divergence,

geometric and acoustic near-field effects, atmospheric attenuation, and external plug effects;

3. the effects of internal acoustic excitation.

The basic formula for the calculation of the sound pressure level for each of these subcomponents can be

expressed as:

spl = [Z1 log (FV + Z2] * [log (S) – Z3 log (FV) – Z4]
2
 + Z5 log (FV) + Z6

The source strength function, FV, is a function of non-dimensional (referenced to the ambient speed of

sound) shear layer velocity difference, eddy convection velocity, and the ambient flow effects.  It also

includes the scaling of sound pressure level with the jet and ambient flow acoustic Mach numbers (i.e.,

flight effects).  The various coefficients (Z1 through Z6) and the source strength for each subcomponent is

calculated by using the appropriate values for the velocity (primary, secondary, or mixed), jet diameter

(primary or mixed), and Strouhal number.  The Strouhal number for each subcomponent is defined using

the shear velocity layer velocity difference, the subcomponent jet diameter and source frequency.  All the

coefficients (Z1 through Z6) are more directivity dependent than Strouhal number dependent.  The

expression for Z6 includes a normalization factor and an acoustic excitation adjustment.  Each of the

subcomponent sources has its own source location distribution associated with it.

6.2.2 Shock-associated Subcomponent

The JEN6E shock-associated noise subcomponent module is based Reference 4, and the coding logic is

taken from Reference 5.

6.2.3 Jet Installation Effects

When a jet noise prediction is made for an installed engine, an additional term is included to account for the

interaction of the jet exhaust flow with the wing surfaces.

6.3 Assessment

The data used for assessment of the JEN6E module consisted of seven different engine data sets.  These

data sets included 104 individual power points, of which 19 were for bypass ratios greater than eight.

As discussed in Section 3.1.1, the aft-arc spectra are assumed to be set exclusively by jet noise in the low

frequencies, and the exact number of frequency bands that is attributed exclusively to jet noise is a function

of radiation angle and primary jet velocity.  Thus the assessment of the accuracy of the jet noise prediction

is based on the examination of the low-frequency portion of the aft-arc spectra.

Comparisons of predicted spectra and modeled-data spectra, for selected power points, are shown in Figure

63 through Figure 71.  From each of seven engine data sets, power points were chosen that represented: a

relatively low power point; a medium power point; and a relatively high power point.  The comparisons are

shown for static, 150-foot polar arc, free-field data for three emission angles: 90, 120, and 150 degrees

relative to the inlet axis.



14

The following observations regarding the jet noise predictions can be made from these comparisons:

• The jet noise levels are generally well predicted (within one or two db) for the medium- and high-

power points, with only a couple exceptions.

• The low power points tend to be underpredicted, typically on the order of five db.

• The prediction accuracy is consistent over the angular range of interest.

7 Concluding Remarks

The Windows/PC version of the Modular Engine Noise Component Prediction System (MCP) provides a

good tool for the estimation of turbofan engine noise.  The program runs on a readily-available computer

platform and has an easy-to-use interface.  The predictions can be made from a relatively simple set of

geometry and performance input parameters.  The modular structure of the program allows for future

modification and expansion.

The aft fan broadband noise and the jet noise were shown to be well predicted by the program.  The inlet

broadband noise and the tone levels tend to be overpredicted.

Several recommendations for future development result from the present study:

• As more measured data become available, they should be incorporated into the existing prediction

modules.  Of particular interest is including a wider range of configurations into the empirical

database.  This would include such features as compound swept fan blades and jet nozzles with mixing

enhancers.

• Additional and alternative correlating parameters should be examined for the empirical prediction

formulations.  This is particularly important if a wider range of configurations are incorporated as

mentioned above.

• Additional prediction modules should be added.  This could include compressor, turbine, core, and

airframe modules.

• To aid in the development of the component-modeled measurements that are necessary for developing

the prediction modules, a set of static test guidelines should be adopted.  This would include such

things as taking narrowband noise data; measuring a hardwall (no acoustic treatment) configuration,

and making measurements with forward/aft acoustic barriers in place.

• An assessment should be done on the accuracy of the predictions for flight-over noise levels.  If

necessary, modifications should be made for improved flight effects calculations.
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Figure 1  Inlet-radiated Fan Tone Noise Prediction – Sound Pressure Levels
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Inlet-radiated Fan Tone Noise Prediction – Directivity Adjustment
150-foot Polar Arc; 1-foot Diameter Fan
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Figure 2  Inlet-radiated Fan Tone Noise Prediction – Directivity Adjustments
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Buzzsaw Noise Prediction – Directivity Adjustment
150-foot Polar Arc; 1-foot Diameter Fan
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Inlet Broadband Sound Pressure Levels
Low Subsonic Tip Speeds for Ten Data Sets
150-ft Polar Arc, 30 Degrees, Free-field, Static
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Figure 5  Inlet Broadband Comparison at Low Subsonic Tip Speed and 30 Degrees
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Inlet Broadband Sound Pressure Levels
Low Subsonic Tip Speeds for Ten Data Sets
150-ft Polar Arc, 60 Degrees, Free-field, Static
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Figure 6  Inlet Broadband Comparison at Low Subsonic Tip Speed and 60 Degrees
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Inlet Broadband Sound Pressure Levels
Low Subsonic Tip Speeds for Ten Data Sets
150-ft Polar Arc, 90 Degrees, Free-field, Static
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Figure 7  Inlet Broadband Comparison at Low Subsonic Tip Speed and 90 Degrees



23

Inlet Broadband Sound Pressure Levels
High Subsonic Tip Speeds for Ten Data Sets
150-ft Polar Arc, 30 Degrees, Free-field, Static
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Figure 8  Inlet Broadband Comparison at High Subsonic Tip Speed and 30 Degrees
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Inlet Broadband Sound Pressure Levels
High Subsonic Tip Speeds for Ten Data Sets
150-ft Polar Arc, 60 Degrees, Free-field, Static
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Figure 9  Inlet Broadband Comparison at High Subsonic Tip Speed and 60 Degrees
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Inlet Broadband Sound Pressure Levels
High Subsonic Tip Speeds for Ten Data Sets
150-ft Polar Arc, 90 Degrees, Free-field, Static
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Figure 10  Inlet Broadband Comparison at High Subsonic Tip Speed and 90 Degrees
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Inlet Broadband + Buzzsaw Sound Pressure Levels
Low Supersonic Tip Speeds for Seven Data Sets
150-ft Polar Arc, 30 Degrees, Free-field, Static
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Figure 11  Inlet Broadband + Buzzsaw Comparison at Low Supersonic Tip Speed and 30 Degrees
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Inlet Broadband + Buzzsaw Sound Pressure Levels
Low Supersonic Tip Speeds for Seven Data Sets
150-ft Polar Arc, 60 Degrees, Free-field, Static
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Figure 12  Inlet Broadband + Buzzsaw Comparison at Low Supersonic Tip Speed and 60 Degrees
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Inlet Broadband + Buzzsaw Sound Pressure Levels
Low Supersonic Tip Speeds for Seven Data Sets
150-ft Polar Arc, 90 Degrees, Free-field, Static
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Figure 13  Inlet Broadband + Buzzsaw Comparison at Low Supersonic Tip Speed and 90 Degrees
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Inlet Broadband + Buzzsaw Sound Pressure Levels
High Supersonic Tip Speeds for Seven Data Sets
150-ft Polar Arc, 30 Degrees, Free-field, Static
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Figure 14  Inlet Broadband + Buzzsaw Comparison at High Supersonic Tip Speed and 30 Degrees
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Inlet Broadband + Buzzsaw Sound Pressure Levels
High Supersonic Tip Speeds for Seven Data Sets
150-ft Polar Arc, 60 Degrees, Free-field, Static
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Figure 15  Inlet Broadband + Buzzsaw Comparison at High Supersonic Tip Speed and 60 Degrees
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Inlet Broadband + Buzzsaw Sound Pressure Levels
High Supersonic Tip Speeds for Seven Data Sets
150-ft Polar Arc, 90 Degrees, Free-field, Static
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Figure 16  Inlet Broadband + Buzzsaw Comparison at High Supersonic Tip Speed and 90 Degrees
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Figure 17  Averaged Inlet Broadband at Subsonic Tip Speeds and 30 Degrees
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Figure 18  Averaged Inlet Broadband at Subsonic Tip Speeds and 60 Degrees
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Figure 19  Averaged Inlet Broadband at Subsonic Tip Speeds and 90 Degrees
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Figure 20  Averaged Inlet Broadband + Buzzsaw at Supersonic Tip Speeds and 30 Degrees
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Figure 21  Averaged Inlet Broadband + Buzzsaw at Supersonic Tip Speeds and 60 Degrees
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Figure 22  Averaged Inlet Broadband + Buzzsaw at Supersonic Tip Speeds and 90 Degrees
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Inlet Tone Sound Pressure Levels
Low Power for Eight Data Sets
150-ft Polar Arc, 30 Degrees, Free-field, Static
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Figure 23  Inlet Tone Comparison at Low Power and 30 Degrees
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Inlet Tone Sound Pressure Levels
Low Power for Eight Data Sets
150-ft Polar Arc, 60 Degrees, Free-field, Static
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Figure 24  Inlet Tone Comparison at Low Power and 60 Degrees
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Inlet Tone Sound Pressure Levels
Low Power for Eight Data Sets
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Figure 25  Inlet Tone Comparison at Low Power and 90 Degrees
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Figure 26  Inlet Tone Comparison at Medium Power and 30 Degrees
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Figure 27  Inlet Tone Comparison at Medium Power and 60 Degrees
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Figure 28  Inlet Tone Comparison at Medium Power and 90 Degrees
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Figure 29  Inlet Tone Comparison at High Power and 30 Degrees
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Figure 30  Inlet Tone Comparison at High Power and 60 Degrees
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Figure 31  Inlet Tone Comparison at High Power and 90 Degrees
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Figure 41  Aft-radiated Fan Tone Noise Prediction – Directivity Adjustments
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Low Power for Nine Data Sets
150-ft Polar Arc, 90 Degrees, Free-field, Static
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Figure 42  Aft Fan Broadband Comparison at Low Power and 90 Degrees
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Figure 43  Aft Fan Broadband Comparison at Low Power and 120 Degrees
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Figure 44  Aft Fan Broadband Comparison at Low Power and 150 Degrees
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Figure 45  Aft Fan Broadband Comparison at Medium Power and 90 Degrees
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Figure 46  Aft Fan Broadband Comparison at Medium Power and 120 Degrees
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Figure 47  Aft Fan Broadband Comparison at Medium Power and 150 Degrees
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Figure 48  Aft Fan Broadband Comparison at High Power and 90 Degrees
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Figure 49  Aft Fan Broadband Comparison at High Power and 120 Degrees
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Figure 50  Aft Fan Broadband Comparison at High Power and 150 Degrees
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Figure 51  Averaged Aft-radiated Fan Broadband at 90 Degrees
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Figure 52  Averaged Aft-radiated Fan Broadband at 120 Degrees
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Figure 53  Averaged Aft-radiated Fan Broadband at 150 Degrees
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Figure 54  Aft Fan Tone Comparison at Low Power and 90 Degrees
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Figure 55  Aft Fan Tone Comparison at Low Power and 120 Degrees
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Figure 56  Aft Fan Tone Comparison at Low Power and 150 Degrees
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Figure 57  Aft Fan Tone Comparison at Medium Power and 90 Degrees
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Figure 58  Aft Fan Tone Comparison at Medium Power and 120 Degrees
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Figure 59  Aft Fan Tone Comparison at Medium Power and 150 Degrees
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Figure 60  Aft Fan Tone Comparison at High Power and 90 Degrees
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Figure 61  Aft Fan Tone Comparison at High Power and 120 Degrees
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Figure 62  Aft Fan Tone Comparison at High Power and 150 Degrees
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Figure 63  Jet Noise Comparison at Low Power and 90 Degrees
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Figure 64  Jet Noise Comparison at Low Power and 120 Degrees
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Figure 65  Jet Noise Comparison at Low Power and 150 Degrees
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Figure 66  Jet Noise Comparison at Medium Power and 90 Degrees
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Figure 67  Jet Noise Comparison at Medium Power and 120 Degrees
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Figure 68  Jet Noise Comparison at Medium Power and 150 Degrees
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Figure 69  Jet Noise Comparison at High Power and 90 Degrees
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Figure 70  Jet Noise Comparison at High Power and 120 Degrees
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Figure 71  Jet Noise Comparison at High Power and 150 Degrees



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

2.  REPORT TYPE 

Contractor Report
 4.  TITLE AND SUBTITLE

Modular Engine Noise Component Prediction System (MCP) Technical 
Description and Assessment Document

5a. CONTRACT NUMBER

NAS1-97040

 6.  AUTHOR(S)

Herkes, William H.; and Reed, David H.

 7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

NASA Langley Research Center            Boeing Commercial Airplanes
Hampton, VA  23681-2199                    Seattle, WA  98124

 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration
Washington, DC  20546-0001

 8. PERFORMING ORGANIZATION
     REPORT NUMBER

10. SPONSOR/MONITOR'S ACRONYM(S)

NASA

13. SUPPLEMENTARY NOTES
Langley Technical Monitor:  Robert A. Golub
An electronic version can be found at http://ntrs.nasa.gov

12. DISTRIBUTION/AVAILABILITY STATEMENT
Unclassified - Unlimited
Subject Category 71
Availability:  NASA CASI (301) 621-0390

19a. NAME OF RESPONSIBLE PERSON

STI Help Desk (email:  help@sti.nasa.gov)

14. ABSTRACT

This report describes an empirical prediction procedure for turbofan engine noise.  The procedure generates predicted noise 
levels for several noise components, including inlet- and aft-radiated fan noise, and jet-mixing noise.  This report discusses the 
noise source mechanisms, the development of the prediction procedures, and the assessment of the accuracy of these 
predictions.  Finally, some recommendations for future work are presented.

15. SUBJECT TERMS

Engine noise prediction; Fan noise prediction; Jet shock noise prediction; Jet noise prediction

18. NUMBER
      OF 
      PAGES

91

19b. TELEPHONE NUMBER (Include area code)

(301) 621-0390

a.  REPORT

U

c. THIS PAGE

U

b. ABSTRACT

U

17. LIMITATION OF 
      ABSTRACT

UU

Prescribed by ANSI Std. Z39.18
Standard Form 298 (Rev. 8-98)

3.  DATES COVERED (From - To)

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

5d. PROJECT NUMBER

5e. TASK NUMBER

Task 10
5f. WORK UNIT NUMBER

23-781-20-12

11. SPONSOR/MONITOR'S REPORT
      NUMBER(S)

NASA/CR-2005-213526

16. SECURITY CLASSIFICATION OF:

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and 
Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person 
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1.  REPORT DATE (DD-MM-YYYY)

06 - 200501-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /APCCourier
    /APCCourierBold
    /APCCourierBoldOblique
    /APCCourierOblique
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AmericanTypewriter
    /AmericanTypewriter-Bold
    /AmericanTypewriter-Condensed
    /AmericanTypewriter-CondensedBold
    /AmericanTypewriter-CondensedLight
    /AmericanTypewriter-Light
    /AndaleMono
    /Apple-Chancery
    /AppleGothic
    /AppleMyungjo
    /AppleSymbols
    /AquaKana
    /AquaKana-Bold
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /Baskerville-SemiBold
    /Baskerville-SemiBoldItalic
    /BastionBold
    /BastionBoldOblique
    /BastionOblique
    /BastionPlain
    /BigCaslon-Medium
    /Bookman-DemiItalic
    /Bookman-Light
    /BrushScriptMT
    /CapitalsRegular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Chalkboard
    /Charcoal
    /Chicago
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Copperplate
    /Copperplate-Bold
    /Copperplate-Light
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /CourierCE
    /CourierCE-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /DFKaiShu-SB-Estd-BF
    /Didot
    /Didot-Bold
    /Didot-Italic
    /Dirtyhouse
    /EdwardianScriptITC
    /Futura-CondensedExtraBold
    /Futura-CondensedMedium
    /Futura-Medium
    /Futura-MediumItalic
    /GadgetRegular
    /GeezaPro
    /GeezaPro-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GrHelvetica
    /GrHelveticaBold
    /GrPlain
    /GrTimes
    /GrTimesBold
    /Hangang
    /Helvetica
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HelveticaNeue
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-CondensedBlack
    /HelveticaNeue-CondensedBold
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightItalic
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItalic
    /Herculanum
    /HiraKakuPro-W3
    /HiraKakuPro-W6
    /HiraKakuStd-W8
    /HiraMaruPro-W4
    /HiraMinPro-W3
    /HiraMinPro-W6
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Impact
    /JCHEadA
    /JCfg
    /JCkg
    /JCsmPC
    /LatinskijBold
    /LatinskijBoldItalic
    /LatinskijBook
    /LatinskijItalic
    /LiGothicMed
    /LiHeiPro
    /LiSongPro
    /LiSungLight
    /LucidaGrande
    /LucidaGrande-Bold
    /LucidaHandwriting-Italic
    /MarkerFelt-Thin
    /MarkerFelt-Wide
    /Monaco
    /MonotypeCorsiva
    /MonotypeSorts
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewYork
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-ExtraBlack
    /Optima-Italic
    /Optima-Regular
    /Osaka
    /Osaka-Mono
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Papyrus
    /RoPlain
    /SIL-FangSong-Reg-Jian
    /SIL-Hei-Med-Jian
    /SIL-Kai-Reg-Jian
    /SIL-Song-Reg-Jian
    /SandRegular
    /Skia-Regular
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TechnoRegular
    /TextileRegular
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TimesOERoman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings
    /ZapfDingbatsITC
    /Zapfino
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


